The role of alcohol consumption in relation with renal cell carcinoma is still unclear; a few studies have reported a beneficial effect of moderate levels of alcohol consumption, whereas it remains still under debate whether there is a dose-response association.
introduction
Renal cell carcinoma (RCC) is the nineth most frequent cancer in industrialized countries and represents ∼2% of all malignant neoplasms [1] . It is one of the most common urological cancers, together with prostate and bladder. During the past years, the number of incident cases has increased, perhaps due to early detection [1] , whereas more recent trends tend to show a leveling of new cases [2] .
In the United States, while the rate of new cancer diagnoses dropped 1.8% among men and 0.5% among women between 2001 and 2005, renal cell cancer incidence increased 1.7% per year for males and 2.2% per year for females [3] . However, despite increasing incidence, USA kidney mortality rates fluctuate between 4.1 and 4.3 per 100 000, suggesting a benefit of early detection [4] . According to a recent report in 2008, there were ∼270 000 cases and 116 000 deaths worldwide [5] , representing ∼2% of all new cancer cases and 1.5% of all cancer deaths.
Incidence of RCC increases with age and it is higher in men than women [6] . A causal relationship of RCC with tobacco smoking is well established [7, 8] ; obesity [9, 10] and hypertension [11] [12] [13] are two established risk factors. The role of alcohol consumption in relation with RCC is still unclear. Although some studies have found no association [14] [15] [16] [17] [18] [19] [20] [21] , other reported a negative association [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . In a pooled analysis [32] on alcohol intake and renal cell cancer, based on 12 cohort studies, moderate consumption of alcohol was inversely related to the risk of renal cell cancer, and such protection did not seem to be modified by age, body mass index (BMI), hypertension and smoking history. However, that pooled analysis of cohort studies could not address the effect of high alcohol intake, due to low numbers of heavy drinkers.
As of today, several issues on the dose-risk relation of alcohol intake with RCC remained still under debate, therefore in order to better quantify the association, we have conducted a comprehensive meta-analysis of studies published until November 2010. materials and methods search strategy and study selection
We carried out a literature search in Medline and EMBASE to assess the association between alcohol consumption and RCC risk from 1966 to November 2010, following the Meta-analysis of Observational Studies in Epidemiology guidelines [34] . Three of the authors (LS, MR and EP) independently selected the articles.
The first step was to choose the list of keywords to be used in form of following MeSH terms and Text Word (Box 1): "alcohol drinking", "kidney", "renal cell carcinoma", "cancer" or "neoplasm". Second, our selection procedure was restricted to original articles published in English, as original articles, based on either case-control or cohort studies (abstracts, letters, reviews and meta-analyses were not included). Third, we included only articles that reported findings in terms of odds ratio, relative risk (RR), hazard ratio, standardized mortality or incidence ratio or that reporting sufficient data to compute them. We considered only articles reporting at least three levels of alcohol consumption, including the reference level, for assessing the dose-risk relationship or those that had the drinking status as 'any exposure' versus 'none' in order to perform the pooled analyses. Furthermore, we considered only studies that reported a measure of precision of the risk estimates [confidence interval (CI) or standard error] or the absolute number of cases and non cases for each exposure category. When the results of the same study were published in more than one paper, only the most recent or complete article was included in the analysis. These selection criteria resulted in excluding four publications [24, [35] [36] [37] because they reported results presented in other articles, three publications [38] [39] [40] because they did not consider alcohol in general but only specific beverages, one publication [41] reporting results for less than three consumption levels and seven publications [19, 22, [42] [43] [44] [45] [46] that were included in the aforementioned pooled analysis [32] . For each publication retained for the meta-analysis, we formed a quality score using the Newcastle and Ottawa scale (NOS) based on three different sections according to the study design. Cohort studies have four items for the cohort selection, one item for comparability and three items for the assessment of outcome, while case-control studies have four items for the selection of cases and controls, one item for comparability and three items for the ascertainment of exposure. The high quality of the studies is represented by one star; it is possible to award at most one star in the selection and outcome/exposure sections and two stars in the comparability section. We decided to assign two stars in the comparability section only when a study is adjusted for all the three main risk factors, such as tobacco smoking, hypertension and BMI, while studies adjusted only for one of these covariates awarded one star. Lastly, we pulled out details on study design, country, gender, categories of alcohol consumption, RR estimates and the corresponding 95% CIs, adjustment variables, and, when available, the number of cases and controls, for case-control studies, and the number of events and the cohort size, for cohort studies, for each level of alcohol intake considered.
statistical analysis
As the studies included in the analysis were based on different measurement scales of alcohol intake (i.e. drink, ounces, milliliters and grams), we adopted a standardized scale of grams per day: 28 g for 1 oz, 0.8 g for 1 ml of alcohol and 12.5 g for one drink. We assigned to each intermediate exposure category its central value, while for the upper exposure category, we used 1.2-fold its lower limit [47] . Using the Hamling et al. [48] method, we calculated aggregated study-specific risk estimates for ever (≥0.01 g/day), light (0.01-12.49 g/day), moderate (12.5-49.9 g/day) and heavy drinking (≥50 g/day). We used Stata (StataCorp LP, College Station, TX; version 11) to produce the forest plot including both the individual and the pooled estimates of the RRs (overall and separately for case-control and cohort studies), obtained by fitting a random-effects model [49] . In the forest plots, the area of each square is proportional to the study weight [1/variance (lnRR)], and the overall estimate of the metaanalysis is given by a diamond, whose center represents the RR estimate and its tips represent the 95% CIs.
Finally, we carried out a dose-risk analysis using a random-effect metaregression model based on a nonlinear dose-response relationship frame work [50] , providing the best fitting two-term fractional polynomial model. Heterogeneity among studies was tested with the chi-square statistic and quantified by I 2 according to the method described by Greenland and
Longnecker [51] : results were defined heterogeneous for P < 0.10. These statistical analyses were performed using the SAS software (SAS Institute Inc., Cary, NC; version 9.1).
results
After excluding studies that did not meet the inclusion criteria, 20 publications were included in our meta-analysis (Figure 1 ), including 15 case-control studies [14-18, 20, 21, 25-29, 31, 52, 53] , a pooled analysis of 12 prospective studies [32] and 4 cohort studies [23, 30, 33, 54] . The main characteristics of each study are shown in Table 1 : most studies were conducted in North America (United States and Canada) and Europe (Denmark, France, Italy, UK and Sweden), two studies were conducted in Asia (Korea and Japan) and two were multinational; 2 studies analyzed only men, 1 only women, 5 did not distinguish between gender, while 12 studies carried out stratified analyses by gender; finally, only 4 studies were adjusted for all the three main risk factors for RCC (17 were adjusted for tobacco smoking, 13 for BMI and 6 for hypertension). The RR estimates for drinking versus none drinking are shown in Figure 2 : these were reported directly in four studies [16, 17, 21, 26] , while in the remaining studies, they had to be derived by the method of Hamling et al. [48] . The RR estimates from case-control studies (RR = 0.88, 95% CI: 0.80-0.96), cohort studies (RR = 0.80, 95% CI: 0.69-0.92) and all studies combined (RR = 0.85, 95% CI: 0.80-0.92) were statistically significant and show a negative association with alcohol drinking. There was a substantial heterogeneity among studies (I 2 = 45.4%, P = 0.005). The forest plot for light intake of alcohol consumption compared with none drinking is displayed in Figure 3 : the RRs were 0.92 (95% CI: 0.82-1.03) from the ten case-control studies, 0.89 (95% CI: 0.82-0.97) from the four cohort studies and 0.90 (95% CI: 0.84-0.97) overall; the forest plot for moderate alcohol consumption compared with none drinking is shown in Figure 4 : the RR estimate from the nine case-control studies was 0.81 (95% CI: 0.71-0.93), from the five cohort studies was 0.74 (95% CI: 0.61-0.88) and the overall estimate was 0.79 (95% CI: 0.71-0.88).
We found a statistically significant heterogeneity among studies in both comparisons (P = 0.079 for light drinking versus none drinking and P = 0.031 for moderate drinking versus none drinking).
Finally, results for heavy drinking versus none drinking are presented in Figure 5 : in this case, in the three case-control studies, there was a borderline negative association between cancer risk and consumption of ≥50 g/day of alcohol (RR = 0.81, CI: 0.67-0.98). When results from the two cohort studies were added, the RR changed to 0.89 (95% CI: 0.58-1.39) and also in this case, there was a statistically significant heterogeneity (P = 0.017).
We also carried out stratified analyses to assess sources of heterogeneity (Table 2 ) across subgroups defined by study design, geographic area, gender, quality index and according to adjustment for the three most important risk factors for kidney cancer (i.e. smoking, BMI and hypertension). The estimates obtained did not substantially differ from the overall ones and no significant heterogeneity was found for any of the stratification variables considered.
Furthermore, we carried out two different sensitivity analyses (data not shown) in order to evaluate the impact of the studies on the results: the first analysis was done by considering the studies that were adjusted for age, tobacco smoking and BMI (the most frequent adjustments), while the second analysis was done according to studies that were adjusted for tobacco smoking. Both analyses did not suggest any substantial changes in the results.
The best fit for the dose-risk relation analysis was found to be equal to RR = e (−0.01538*× + 0.000104*×2) , shown in Figure 6 The results of our meta-analysis based on 20 studies (15 casecontrol, 4 cohort studies and 1 pooled analysis) provide supportive evidence of a negative association between alcohol consumption and risk of RCC, significant for both light (0.01-12.49 g/day) and moderate (12.5-49.9 g/day) drinking but not for heavy drinking (≥50 g/day). We could not detect any important difference between case-control and cohort studies. This provides support to the inverse association observed. Only one cohort study [54] suggested an increased risk among intermediate and heavy drinking, however, this study was based on a few observed events. The association between alcohol consumption and risk of renal cell cancer did not seem to differ either among groups defined by gender and geographical area and according to adjustment by smoking, BMI and hypertension. The negative association was also confirmed in the dose-risk analysis, but the risk reductions leveled off for daily intake > 20/25 g. Alcohol could protect from renal cell cancer due to its effect on insulin sensitivity [29, 32] . Another possible explanation could be the diuretic effect of alcohol by increasing the urine volume and hence reducing the time in which the carcinogenic solutes are in contact with renal epithelial cells [32, 43] . However, the issue of fluid intake and RCC is unsettled [55] and a prospective study [56] found that total fluid intake is not associated with a reduction in risk of RCC.
Renal cell cancer is associated with tobacco [57] , and in several populations, heavy alcohol drinking tends to be positively correlated with tobacco [58] . Therefore, whenever available, we used multivariate RRs adjusted for tobacco. Overweight is another recognized risk factor for RCC. The relation between alcohol drinking and BMI is complex [59, 60] , but heavy drinkers tend to have lower BMI, if anything, due to their frequent poor nutrition. Again, we used, whenever possible, multivariate RRs adjusted for BMI. In any case, residual confounding by tobacco and/or overweight is unlikely to explain the inverse association observed. Heavy drinkers have often a poor diet, and several aspects of a poor diet have been associated with an increased RCC risk [37] , though the relation between diet and renal cell cancer remains open to discussion [57] . Any detrimental role of a poor diet on renal cell cancer risk, in any case, would have lead to an attenuation of the inverse association observed, at least for heavy drinkers. This may, at least in part, explain the absence of a dose-risk relation with alcohol.
Possible sources of biases are due to imperfect measurement of alcohol intakes, since repeated measurements could obviously better represent the overall intake; also, the error associated to the single measurement from the food-frequency questionnaires cannot be determined upfront. In selected datasets [29, 56] , however, information on alcohol drinking level in questionnaires has proved satisfactorily reliable and valid. Furthermore, in the Lee et al. pooled analysis [32] , i.e. the investigation including the largest number of cases, correction for bias due to measurement error did not materially change the results. Additional risk factors and potential confounders based on other environmental exposures, family history are unlikely to modify the consistently reported alcohol-renal cell cancer relationship, found in a large number of studies, different populations and study design.
Another potential limitation of our study could be due to the language restriction, in fact, we selected only articles published in English; however, as study considering 79 metaanalyses from several disease areas found that language restriction does not lead to biased estimates [61] .
In conclusion, the epidemiological evidence indicates that light to moderate alcohol drinking is associated with a 10%-20% reduced risk of RCC. Such a favorable effect was observed in case-control and cohort studies, in men and women, and was not explained by tobacco, BMI, hypertension and other relevant risk factors for renal cell cancer. The sum is not 20 because two studies are multinational. The sum is not 20 because studies reporting gender-specific estimates were considered as independent strata. CI, confidence interval. Figure 6 . Relative risks (RRs) function and corresponding 95% confidence interval, describing the best fitting dose-risk relationship between alcohol consumption and risk of renal cell carcinoma.
